Abstract-The temperature dependences of the heat capacities of hydrated acrylamide and poly(acrylamide) complexes of cobalt nitrate are studied via high precision adiabatic calorimetry at 6 to 300-380 K. The energy of combustion is estimated via isothermic calorimetry. This evidence makes it possible to calculate thermodynamic functions
INTRODUCTION
At the present time, various aspects of frontal poly merization are being widely studied, and the obtained knowledge is applied in practice [1] [2] [3] . Frontal poly merization has evident advantages over conventional bulk polymerization. These advantages are related to high rates and short relaxation times, to high degrees of conversion, and to the fact that this process can be accomplished in a pure monomer without any solvent and with low energy expenses. An example of this reaction is the frontal polymerization of metal con taining monomers in the condensed phase, including acrylamide complexes of metal nitrates [1] . In the study of such reactions, the main aspect is the estima tion of the thermodynamic parameters.
In our earlier work [4], we studied thermodynamic characteristics of the polymerization of monohydrate cobalt acrylate in the temperature interval from Т 0 to 350 K. Note that, for metal containing monomers, these studies have been performed for the first time.
The objectives of this study are to investigate the temperature dependence of the heat capacities of dihydrate acrylamide (CoAAm) and hydrated poly(acrylamide) (CoPAAm) complexes of cobalt nitrate at 6 to 300-380 K; to estimate their energy of combustion; to study physical transformations of the above compounds during their heating and cooling; to calculate thermodynamic functions (T), S°(T) , and G°(T) -H°(0) at 0 to 300-380 K, standard enthalpies of combustion Δ c H°, and thermodynamic parameters of formation of metal containing complexes from simples substances at 298.15 K; and with the use of the above parameters, to compute the enthalpy Δ pol H°, entropy Δ pol S°, and Gibbs function Δ pol G° for bulk polymerization of dihy drate acrylamide complex of cobalt nitrate at 0 to 300 K.
EXPERIMENTAL
Samples CoAAm was synthesized through the substitution of acrylamide molecules for the crystallization water from crystalline hydrates of metal nitrate. CoPAAm was prepared via frontal polymerization of the CoAAm sample as a pressed cylindrical pellet (pellet diameter d = 0.8 cm, height h = 1.2 cm, density ρ = 1.45 ± 0.02 g/cm 3 ). The reaction wave was generated by the thermal excitement in the bottom part of the pellet via immersion of 0.2 cm of the vertically posi tioned sample into a bath with a heat carrier (for less than 15 s). According to the data of elemental analysis, the composition of the complex corresponds to the calculated values. For Co[CH 2 =CHCONH 2 ] 4 ⋅ 2H 2 O ⋅ (NO 3 ) 2 , C 29.7/28.6, H 5.0/4.8, N 16.7/17.0, and Co 11.6/11.7 (found/calculated, wt %); for CoPAAm, C 30.3/29.3, H 5.0/4.9, N 18.4/17.0, and Co 10.6/11.9 (found/calculated, wt %). The molecular 
Equipment and Measurement Procedure
The heat capacities of the complexes at 6 to 300-380 K were studied on a fully automated BKT 3.0 instrument; as cooling agents, liquid helium and nitrogen were used. The equipment and experimental procedure were similar to those described in [7] . The reliability of operation of the calorimeter was tested via measurements of the heat capacity for reference samples based on an especially pure copper, synthetic corundum, and benzoic acid (K 2 grade); the refer ence samples were prepared at the Mendeleev All Russia Research Institute for Metrology. Analysis of the results showed that the error in the estimation of at helium temperatures varied within 2%; when the temperature was increased to 40 K, this error was shown to decrease to 0.5%; at Т > 40 K, the error was 0.2%. The heat capacities of the CoAAm samples and CoPAAm samples were studied in the temperature intervals 6-300 K and 7.6-380 K, respectively. Exper imental values of were smoothed with the use of exponential and semilog polynomials. The mean square deviation of the points from the corre sponding smoothened curves = f(T) did not exceed 0.11% at 6-40 K, 0.08% at 40-90 K, and 0.05% at 90-380 K.
For CoAAm and CoPAAm, the energy of combus tion was measured on an upgraded V 08 MA calorim eter with an isothermic sheath and a static bomb [8] ; the oxygen pressure in the bomb was 25 × 10 5 Pa. The energy equivalent of the calorimeter, W = 14805 ± 3 J/Ω, was estimated from the combustion of the ref erence K 2 grade benzoic acid. (The doubled mean square deviation is given.) The reliability of the opera tion of the calorimeter was tested via the combustion of reference succinic acid, and these tests showed that the energy of combustion corresponds to the tabulated values with an error of 0.017%.
The compounds under study were incinerated in a thin walled quartz melting pot in a mixture with a molten paraffin; the energy of the combustion of this paraffin was estimated in the preliminary experiments as Δ c U par = -46744 ± 8 J/g. On one hand, the use of paraffin as a secondary component provided the 
RESULTS AND DISCUSSION
Heat Capacity Figure 1 shows the temperature dependence of heat capacity for CoAAm and CoPAAm: experimental points of at 6 to 300-380 K and smoothened curves = f(T). As follows from Fig. 1 , at 6-300 K, the temperature dependence of heat capacity of the complexes does not show any specific features and gradually increases with temperature. Above 300 K, CoPAAm experiences the glass transition into the rub bery state. The thermodynamic parameters of glass transition are listed below.
Glass transition interval
and heat capacity increase ( ) at (Fig. 1b, interval BC) are estimated graphically. The glass transition tempera ture was estimated through the Alford-Dole method [9] from the salient point in the temperature depen dence of entropy, S°(T). The temperature interval of glass transition is estimated as the difference between the temperatures corresponding to the onset and end of the glass transition. Configuration entropy was calculated from the experimental data via the equation proposed in [10] .
The existence of crosslinks between CoPAAm macromolecules can be judged from the values of frac tal dimension D, which are calculated from the exper imental data on the heat capacity of the compounds at low temperatures where ≈ C v . Then, according to the multifractal theory of heat capacity [11] , the equa tion
gives D = 2.0 at 20-40 K and D = 1.8 at 40-60 K. It is known [12] that, for the chain structure, D = 1; for the layered structure, D = 2; and for the three dimen sional structure, D = 3. Hence, it may be assumed that CoPAAm has a layered structure similar to that of cobalt polyacrylate [11] . Also, with allowance for the polyfunctional character of CoAAM, some crosslinks between CoPAAm molecules may be expected to form in the course of the polymerization of monomer CoAAm [13] . In this case, it is not possible to exclude the formation of three dimensional structures via coordination links. 
